Introduction
The knowledge of the endocrine glands in aged animals seems necessary in the understanding of the relationship of endocrine glands to the whole organism.
Most of our knowledge concerning the senile changes are based on the findings from laboratory animals . Meanwhile, reports concerning the ageing process of the endocrine glands of domestic animals are especially few.
The present study is concerned with the histological changes in the adrenal glands from three aged cows.
The important facts in a histology of the bovine adrenal gland are that the adrenal cortex is characteristically lipid-poor and that the glomerulosa cells specifically contain abundant acidophil granules . It has been noted repeatedly in cattle that parallel conclusions similar to those in lipid-rich laboratory animals in respect to the histophysiology of the zona glomerulosa are hard to obtain . The frequent age changes observed in the adrenal such as the proliferation of connective tissue, an appearance of pigment granules and a local degeneration have been reported in a various animal species (B lumen t h a 1, '59; Jayne , '53, '57; Meyer s and Char i p p e r, '56 ; Pa y n e, '52). Working with rats , Jayne ('53) found a general decrease in cortical lipid content with increasing age. Meanwhile, Me y e r s and C h a r i p per ('56) reported an appearance of lipid material with an advancement of age in the hamster adrenal cortex. Weber et al . ('56, '58, '59) postulated in their studies working with cattle that the zona glomerulosa is inactivated in those cases where oil red 0 stainable lipid droplets appear.
With regard to pigment granules, Jayne ('57) found them in the inner cortical zones accompanying the severe cellular deterioration. A cellular degeneration with the accumulation of pigment in the cortical cells was also observed by P a y n e ('52) and he believed them to be of mitochondrial origin. Pigment in the cells of the adrenal cortex has generally been interpreted as a sign of ageing or degeneration.
On the other hand, Nican de r ('52) found pigment particles in the zona glomerulosa of normal cattle.
In the present study interesting changes which have not hitherto been reported were found.
In evaluating these changes, careful attention was paid to the age of the animal.
Materials and Methods
The adrenal glands from three aged cows (28, 21 and 17 years old, respectively) were studied. All cows are of the Japanese Native Breed.
The reproductive history of the individual is quite different being described in a previous paper by the author (Y a m a u c h i, '63) . The cow of Case I was autopsied at a university and the remainings were autopsied at local slaughterhouses, respectively. It was not possible to obtain complete information or history on some of the cows.
Brief comments and adrenal weight of the animals are shown in a Table 1 . was fixed in 10% formalin. Therefore, refixation with some fixatives was applied.
After fixation, the tissues were processed through a standard paraffin technique and sections 5 micra thick were cut. The tissue slices fixed in 10% formalin was embedded in gelatin and cut on the freezing microtome in 10 micra sections.
Staining methods used in this study are as follows, hematoxylin-eosin, azan (H e i d e n h a i nMallor y), and PAS technique.
Stainings for mitochondria such as iron hematoxylin and aniline acid-fuchsin are also employed. Those applied to frozen sections were Sudan IV, Sudan black B and a test of Schultz for cholesterol.
Measurements of the width of the zona glomerulosa and the zona fasciculata together with the zona reticularis were made on each gland.
Each datum listed in table 2 is the mean of three observations.
For comparison, mean and range of the width of the each zone were measured from six normal young cows (4, 5 and 6 years old, two each). As the transition from the zona fasciculata to the zona reticularis is not evident, the independent width of the inner cortical zones was difficult to measure.
The nuclear density in the outer and inner zona fasciculata was determined by counting the cortical cell nuclei in a unit area (0. 0441 mm2) of the field. Fibrotic areas as well as hyalinized areas were eliminated from the counting.
Three countings were made in each case, and the mean value is listed in table 2. For comparison, the mean value of the cell nuclei with the standard deviation was obtained from the same normal young cows as described above. Preparations of the hematoxylin-eosin stain were used for both measurement and counting. Table 2 lists the width of cortical zones and numbers of cell nuclei.
Results

Measurement and Counting
The data expressed in table 2 indicate a little increase in width of the cortical zone with advancing age, but the degree is within a range of normal young cows.
Meanwhile, the average numbers of cell nuclei per unit area in both the outer and the inner zona fasciculata in aged cases indicate an overall decrease respectively.
The most striking decrease in number is found in the inner fasciculata of Case I. In the 
Histology
Zona glomerulosa. The stromal tissue is generally more prominent than in the young animals and the zone is separated into many groups of spherules by stromal tissue. At times , the normal arrangement of cells is so distorted in some areas that the semblance of the zonation seems to be that of the z. fasciculata .
Large pigment cells are abundantly found in a interspherular stromal tissue (Figs. 1 and 2). Pigment granules are brown to black in color and are unstained with all the methods employed . Apart from these pigment cells, there were present many parenchymatous cells containing pigment granules . These pig- The degree of fat deposition in a zona fasciculata seems to somewhat less intense than in the z . glomerulosa and the lipid material is usually denser in the outer half of the zone than in the inner half (Fig. 4) . In all cases the fasciculata lipid gave a negative result for cholesterol test .
Many cells showing the evidence of atrophy are usually found in the outer half of the fasciculata.
A majority of cells in such areas are ellipsoid to spindle shape and much smaller in size.
Coincident with these changes, the nuclei are also spindle shaped and stain much darker (Fig. 9) . A polyhedral cell having a vesicular nucleus as well as large amounts of cytoplasm was seldom found in all cases.
As a result of the cellular atrophy appearing in an outer z. fasciculata, the cell cords become much narrower and concomitantly the sinusoids in that regions are much dilated (Figs. 9 and 10). As the shrinkage of the cell proceeds, the cell cords become narrower, hence the sinusoids appear more prominent than in the young cows.
In many regions of the outer z. fasciculata, especially those adjacent to the glomerulosa zone, many cells containing eosinophil granules which are quite similar to those of the glomerulosa cell can be found (Figs. 8 and 9 ). Granular fasciculata cells are also found in the inner half of the zone in lesser frequency.
Intracellular granules were observed to be identical with those of the glomerulosa cell as far as the methods employed in this study. In one specimen (Case III), the degenerative change was found in the zona fasciculata.
The areas where the evidence of degeneration is shown are composed of fibrotic tissue and are usually sudanophobic (Fig. 4) . Apart from the fibrotic degeneration, the hyalinization of the cortical tissue is commonly found in all cases. A hyalinized region is frequently seen in a deep cortex where the. majority of cells are shrunken and the nuclei are pycnotic (Figs.. 6 and 7).
With respect to the adrenal medulla, no remarkable difference nor degenerative change was found in all specimens as far as themethods used in this study.
Discussion
In old fowls, Payne ('52) observed a reduction in size of the adrenal gland and he stated that the reduction is due in part to shrinkage of cells, but also in part, to degeneration of cells. In the present study, a reduction in weight of the adrenal was not noticed. The width of the total cortex as well as each cortical zone was greater in aged cows than those in young cows.
A part of the increase in width of the cortical zone in aged cows seems probably due to a normal growth of the gland. Smollich ('58) stated that.
in the cow, the adrenal continues to increase in weight even after the end of the general body growth. Hypertrophy seen in adrenal glands of multiparous cows was considered to be due to the effects of stress such as lactation and pregnancy (B e 1 l et al., '59). A long-term exhaustion especially at the high age level might be considered as a definite stresser.
Although the widening of cortical zones is noticeable, it is accompanied by a decrease in cell number.
Large values in width of the cortical zone in this study are probably not due to hypertrophy but within a normal range.
With respect to the ageing aspects, the significant decrease in numbers of cell nuclei of the z. fasciculata is accepted as an evidence of the kind of atrophy which takes place in ageing. A similar significant decline in nuclear density in the late decades was reported in human adrenal cortex (M a c K inn on and M a c-K i n n o n, '60). The decline in the nuclear density of the z. fasciculata in old cows suggests a reduction in fasciculata activity. This implies a fall in glucocorticoid production.
In normal bovine adrenal cortex, a Schultz test for cholesterol always showed negative result (N i c a n d e r, '52 ; Weber et al., '50).. A lipid accumulation in cortical zones of cattle has been reported in a series of paper by Weber et al. ('56, '58, '59) , and various.
postulations have been drawn. In general, a lipid accumulation in. the cattle adrenal cortex has been interpreted to represent an evidence of cellular inactivation.
Adrenals of senile hamsters are reported to be stained well for sudanophilia and also for cholesterol eyers and Charippe r, '56). An increase in sudanophilia in the later decades is considered as an evidence of the kind of atrophy which takes place in ageing (M ac K inn on and Ma cK inn o n,. '60) . In contrast to the increase in lipid material just described above, the cytoplasmic lipids are observed to be either absent or considerably reduced in quantity in aged rats (J a y n e, 53). In lipid-poor animals, the real significance of the appearance of cholesterol in the adrenal cortex at the advanced age or under experimental conditions is not precisely understood yet.
Pigment granules are often observed in cortical cells among various animals in relation to the senility and are well summarized in some articles (B our n e, '56 ; Car 1 s o n, '52 ; Pay n e, '52). In most reports, the pigment granules are initially noticed in inner zones of the cortex and the accumulation has been observed to increase with age in mice (J a y n e, '53 '57), rat (B lumen t h a I, '59) , hamster (M eyers and Charippe r, '56), and fowl (P a y n e, '52) . Pigment accumulation is said to be one of the most pronounced and readily observable changes with ageing. Three processes in respect to an appearance of pigment granules are summarized in •a paper by Meyers and C h a r i p p e r ('56), and the presence of pigment in the cells is considered to probably be due to progressive difficulty of the cells to excrete poorly soluble products. It is noteworthy that no pigment granules were found at all in the deeper cortices of all aged cows.
On the contrary, pigment granules in the z. glomerulosa have not been reported previously except by Nicander ('52). The intracellular pigment granules arranged in such a pattern as a nucleus are one of the most striking features with respect to the senile changes.
Pigment granules seemed to be ,of nuclear origin.
A regional disappearance of the z. glomerulosa would probably be due to the disappearance of nuclei from the cells of the region. A partial degeneration as well as marked fatty infiltration in the outer layer of the adrenal cortex is found in cows which appeared to have ketosis (S h a w et al., '48). An atrophy of the z. glomerulosa suggests a reduction in glomerular activity, which in turn implies a fall in aldosterone production. An extensive appearance of granular cells found in the outer z. fasciculata of all aged cows seems very interesting in respect to the functional independence of the cortical zone. Cytoplasmic granules in the glomeruolosa cells have been observed exclusively in adrenals of cattle and sheep (N i c a n d e r, '52 ; Weber et al., '50). Most investigators found granules were restricted to the z. glomerulosa and interpreted this as an indication of a cellular activity . (Schultz and Meyers, '58a andb; Weber et al., '50; Yamau c h i, '61 ). An appearance of granular cells in the z. fasciculata reported in this paper seems to be one of the characteristics compensating the decline in glomerulosal function.
Apart from these cells, a few granular cells were also found in the vicinity adjacent to the trabecula penetrating into the cortex. In connection with the cell replacement in the adrenal cortex, the renewal of glomerulosa cells from indifferent capsular cells through a series of cellular morphogenesis and a downgrowth of cell cords during the growth of the adrenal cortex have been confirmed (Elias, '48; Gruenwald and Konikov, '44; Stokoe, '60 ; Z w e m e r et al ., '38). In the bovine adrenal cortex, N i c a n d e r ('52) described an intermediary zone between the z. glomerulosa and the z. fasciculata and he postulated that the zone, at least partly Lipid granules with various sizes are abundantly seen. Sudan IV stain, x400. Fig. 6 . Case III. The intermediary zone is being hyalinized. Glomerulosa cells are generally poor in cytoplasm.
Azan stain, x10. Fig. 7 . Case III. Deep cortex and the medulla.
A hyalinization of the parenchyme is noticed.
Azan stain, x100. Fig. 8 . Case III. A border region of the outer two cortical zones. Some fasciculata cells contain cytoplasmic granules whereas glomerulosa cells lack granules and poor in cytoplasm. Granules are stained red. H . E stain, x400. Fig. 9 . Case I. The outer fasciculata zone adjacent to the z. glomerulosa. Granules contained in many cells retain an orange-yellow color. Cellular shrinkage as well as the dilation of sinusoids are noticed.
Azan stain, x400. Fig. 10 . Case I. A deep z. fasciculata where the cellular shrinkage is recognizable. H E stain, x400. Plate I
